Abstract: Magnetic nanoparticles have attracted intensive attention for their wide applications as biomaterials and magnetic storage materials. Polyurethane is one of the most biocompatible polymers and has been used widely in vivo. In this paper, the magnetite nanoparticles were synthesized by chemical precipitation under different conditions. The as-prepared samples were characterized by X-ray diffraction and transmission electron microscopy, and their magnetic properties were evaluated on a vibrating sample magnetometer. Then the magnetite nanoparticles with different amounts were doped into polyurethane directly and composite films were made. Reinforced by the inorganic particles, PU composite films were also characterized by Fourier transform infrared spectra and mechanical tests., and the surface morphology of the composite film was observed by Atomic Force Microscope The results showed the composite material was reinforced by magnetic nanoparticles and also showed magnetic behavior. This kind of composite materials have the potential to be used as hyperthermia treatment in biomedical field, like coatings on cardiovascular stents.
Introduction
Magnetic nanoparticles show remarkable new phenomena such as superparamagnetism, high field irreversibility, high saturation field, extra anisotropy contributions or shifted loops after field cooling [1] . At present, magnetic nanoparticles used in the diagnosis is mature, however, its application in therapy is still at laboratory level. Now its biomedical application research mainly focuses on four particular areas: magnetic separation, drug delivery, hyperthermia treatments, magnetic resonance imaging (MRI) contrast enhancement and other biomedical applications. The preparation methods of magnetic nanoparticles are quite a lot now, like co-precipitation [2] , sol-gel [3] , microemulsion [4] , and so on.
Polyurethanes (PUs) are one of the most popular groups of biomaterials applied for medical devices. Their popularity has been sustained as a direct result of their segmented block copolymeric character, which endows them with a wide range of versatility in terms of tailoring their physical properties, blood and tissue compatibility, excellent mechanical properties, and more recently their biodegradation character [5] . The biomedical applications of PU involve in vascular catheter [6] , biosensor membranes [7] , soft tissue reconstruction, heart valve materials [8] , and so on.
The purpose of the present study is to prepare Fe 3 O 4 nanoparticles (NPs) and synthesize Fe 3 O 4 NPs/PU composite film, and the magnetic composite film is expected to use as coatings of stents to resist thrombus by the magnetic hyperthermia.
Materials and Experiments
Materials All the chemicals were of reagent grade used without further purifications. Ferric chloride hexahydrate (FeCl 3 ·6H 2 O>99%), ferrous chloride tetrahydrate (FeCl 2 ·4H 2 O>99%), tetrahydrofutran (THF) were obtained from Tian Jin Chemical Factory. Polyether polyurethane was obtained from Yan Tai Huada Chemical Industry Corporation.
Experiments Three processes based on wet chemical routes have been used to prepare magnetite nanoparticles: co-precipitation, water bath precipitation and partial reduction precipitation. Magnetite was formed by co-precipitation process [9] using FeCl 2 and FeCl 3 in 1:1.75 molar ratios, and iron solution was added drop-wise into alkali source solution at room temperature. The temperature of the water bath precipitation was kept at 10k and the molar ratios of FeCl 2 and FeCl 3 was 1:1.75, then alkali source solution was poured until pH > 12. The typical partial reduction precipitation process [10] used FeCl 2 and NaSO 3 in 3:1 molar ratios, followed by pouring into alkali source solution. N 2 was flowed through the reaction medium and vigorous stirring was applied for 30 min during all the processes Fe 3 O 4 NPs/Polyurethane composite films had been synthesized by doping Fe 3 O 4 NPs directly (P1) and mixing Fe 3 O 4 NPs which were dispersed in ethanol in PU (P2). PU pellets were dissolved in THF to give a 2.5% (w/v) solution. In process 2, Fe 3 O 4 NPs were dispersed in ethanol, and then mixed it with THF solution. After oscillated by ultrasonication, the mixed solutions were cast onto clean glass plates with flute followed by drying in air for 15 min and in vacuum for 45 min to get dry thin films. The Fe 3 O 4 NPs doped into PU were prepared by water bath precipitation process.
The magnetic nanoparticles were characterized by XRD with Cu K α radiation. TEM images were taken with a JEDL TEM-1200EX model transmission electron microscope, and the magnetic properties were measured on a JDMW-2000 vibrating sample magnetometer at room temperature. The structures, surface morphology of Fe 3 O 4 NPs/Polyurethane composite film have been studied by a AVATAR 360 model Fourier transform infrared, a Nano-Scope III atomic force microscopy. Tensile testing was carried out on Instron-5569 model Electrical Universal Testing Machine. Fig.1 shows the XRD spectrums of the Fe 3 O 4 NPs prepared by co-precipitation (a); water bath precipitation (b); partial reduction precipitation (c), with the reflection peaks sharp and narrow, which shows satisfactory crystallinity of the samples. All the peaks correspond well to the standard XRD patterns of Fe 3 O 4 NPs, indicating that three samples are pure spinel structure Fe 3 O 4 without impurity phases. The size distribution and morphology of the as-resulted particles were examined by TEM, as shown in Fig. 2 . All Fe 3 O 4 NPs prepared by three processes exhibit cubic shape, although particle agglomerate happened. The average particles diameters in Fig.2(a) (b) (c) are about 6.8nm, 7.0nm, 7.2nm respectively. The magnetic properties for Fe 3 O 4 NPs obtained from different processes are shown in Fig. 3 . The coercive force of the Fe 3 O 4 NPs prepared by three processes is almost negligible, which is a typical characteristic of superparamagnetic materials. The sample derived by water bath precipitation process exhibits the highest average saturation magnetization (M s ), around 34.75emu/g. Figure 4 displays the FTIR spectra of pure PU film and composite films with different amounts of Fe 3 O 4 NPs. The spectrum is consistent with PU at 3320, 2940, 1730, 1600, 1530, 1220, 1110 cm -1 and Fe 3 O 4 NPs at 579 cm -1 [3] . The FTIR results indicate that there is no chemical bond between Fe 3 O 4 NPs and PU matrix, which could maintain magnetite particles' magnetic property. Tensile tests in Figure 5 show that the elongation of the composite film decreases with the addition of Fe 3 O 4 NPs, yet still better than the stent materials below 30%. 
Results and Discussion

Conclusions
In this paper, phase-pure Fe 3 O 4 NPs can be obtained by the co-precipitation process, water bath precipitation process and partial reduction precipitation process. The average diameter of the cubic Fe 3 O 4 NPs is below 10nm with good size distribution, dispersibility and relatively high saturation magnetization. The composite films synthesized with Fe 3 O 4 NPs obtained by water bath precipitation process exhibit perfect mechanical property and good surface morphology which could meet the requirement as cardiovascular stents coating when the amount of Fe 3 O 4 NPs is 1% and 5%.
